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In this paper we describe an experimental study. This article is a 
trial production of carbon fiber reinforced anisotropic polymer 
composite materials of very thin plate sandwich structure consisting 
of polymer single plate as core and fiber reinforced very thin single 
plate with X-Y surface anisotropy adhered to each other in optional 
orientation angle. Bending and tensile characteristics of their 
mechanical properties are also clarified in this article. It was 
found that the following; 
1) Regarding bending: Calculated value of bending elastic modulus 
of C.F. prepreg 6 ply, C.F./P.M.M.A./C.F. sandwich and sandwich are 
similar each other. Material effect of sandwich structure is better 
than that of C.F. structure. Bending elastic modulus is greatly 
influenced by orientation angle. 
2) Regarding tension: Sandwich structure is inferior to C.F. struc-
ture with regard to tensile strength and Young's modulus. Sandwich 
structure is not effective against tension. Experimental value and 
calculated value of sandwich structure were similar. Both of strength 
and elastic modulus are greatly influenced by orientation angle. 
1. INTRODUCTION 
One of the features of fiber reinforced polymer composite materials 
is that their dynamic properties have anisotropy. 1) It is possible to 
have structure utilizing anisotropy according to purposes and uses. As 
laminated composite materials, fiber reinforced polymer composite 
materials may have optional thickness and orientation angle as well as 
versatility in designing. Discussed in this article are trial production 
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of carbon fiber reinforced anisotropic polymer composite materials of 
very thin plate sandwich structure consisting of polymer single plate 
as core and fiber reinforced 
very thin single plates with 
X-y surface anisotropy adhe-
red to each other in optional 
orientation angle. Bending 
and tensile characteristics 
of their mechanica1 proper-
ties are also clarified in 
this article. 
2. EXPERIMENTAL METHOD 
AND MATERIAL 
Very thin plate structure 
of trial-produced anisotropic 
polymer hybrid composite 
materials is shown in Fig.l. 
This is the sandwich struc-
ture of very thin plates of 
0.9-1.0mm with anisotropic 
carbon fiber prepreg as outer 
layers and P.M.M.A. layer in 
between. 2)'" 7) Upper and lower 
layers were arranged in double 
in order to prevent occurrance 
of camber during the molding 
process. Each of the C.F. 
prepregs was molded by hot 
press at heating temperature 
of 150°c for 80 minutes under 
65kg/cm 2 binding pressure. 
After molding of each layer, 
five layers were bound toge-
ther and very thin plate 
composite material of aniso-
tropic polymer hybrid was 
made by self-adhesion in hot 
press at 170°c heating tempe-
rature for 125 minutes. 
Orientation of C.F. was 
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=
CF 
PMMA 
CF. 
"'E 
E 
Fig.l A schematic illustration of 
hybrid composite construction. 
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Fig.2 Specimen for 
bending test. 
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Fig.3 Relation between bending elastic 
modulus and angle of fiber. 
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arranged in 6=15°, 30°, 45°, 60°, 75° and 90° against machine direction. 
Fig.2 shows shape and size of bending specimen and the arrangement of 
3-point load. 
3. EXPERIMENTAL RESULTS AND CONSIDERATION 
Fig.3 shows results of experiment in which relation between C.F. 
orientation angle and bending elastic modulus was looked for. Experi-
mental value of C.F. 6 ply, C.F./P.M.M.A./C.F. and calculated value of 
C.F./P.M.M.A./C.F. showed similar characteristics; elastic modulus 
dropped sharply when orientation angle moved from 0° to 45°, thence 
continued to show low elastic modulus up to 90° in orientation angle. 
Elastic modulus was 67%, 33%, 13%, 8%, 7% and 6% at orientation angle 
of 15°, 30°, 45°, 60°, 75° and 90° respectively. Therefore, it has 
become clear that orientation angle was important in C.F. reinforcement 
effect, suitable C.F. orientation structure had to be arranged according 
to stress condition, C.P. sandwich structure was better in material 
effect than C.F. single material, and that experimental and calculated 
values were in correlative condition. Fig.4 shows results of experiment 
in which relation between deflection quantity and bending stress was 
sought with C.P. 6 ply. Deflection quantity under stress of 6kg/mm 2 was 
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Fig.4 Relation between bending 
stress and deflection of C.F. 
prepreg (6 ply). 
8 
Fig.S Relation between apparent 
bending stress and .deflection 
of C.P. prepreg (2 ply x 2)-
P.M.M.A. sandwich construction. 
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0.2, 0.5, 1.3, 3.3, 5.0 and S.Smm at the respective orientation angle 
of 0°, 15°, 30°, 45°, 60° and 75°. Incidentally, when the orientation 
angle was 90°, the specimen 
raptured. Therefore deflec-
tion quantity at the orienta-
tion angle of 15°, 30°, 45° 
and 75° was 2.5, 6.5, 16.5 
and 27.5 times as much of 
that at 0°, respectively. 
Fig.S shows results of the 
same experiment as shown in 
Fig.4, but conducted with 
very thin plate of C.F./ 
P.M.M.A./C.F. sandwich 
structure. It is found that 
Fig.5 shows similar tendency 
to C.F. 6 ply shown in Fig.4. 
Deflection under 2.6kg/mm 2 
stress as compared with 
that of P.M.M.A. single 
plate was 3.6%, 4.3%, 7.6%, 
19%, 31%, 41% and 50% at 0°, 
15°, 30°, 45°, 60°, 75° and 
90° respectively. Fig.6 is 
the results of bending test 
in which the maximum stress 
on tensile side of very 
thin composite plate of 
C.F./P.M.M.A./C.F. sandwich 
structure, and it is found 
that the value is very simi-
lar to that shown in Fig.5. 
Experimental value and 
calculated value concerning 
relation between orienta-
tion angle of very thin 
composite plate of aniso-
tropic hybrid and bending 
elastic modulus sought from 
the results mentioned above 
are shown in Table 1. Fig.7 
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Fig.6 Relation between maximum 
stress of tension side and 
deflection of C.F. prepreg (2 
ply x 2)-P.M.M.A. sandwich 
construction. 
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Fig.7 Relation between tensile strength 
and angle of fiber of C.F. prepreg (6 
ply) and C.F. prepreg (2 ply x 2)-
P.M.M.A. sandwich construction. 
Table 1 Experimental and calculated bending elastic 
modulus of C.F. prepreg (6 ply) and C.F. 
prepreg (2 ply X 2)-P.M.M.A. sandwich 
construction. 
Angle of fi ber Bending elastic modulus (k Vmrrrl 
Experimental value of Calculated val ue of 
a 
1 5 
30 
45 
60 
75 
90 
( 0 ) K:.F. prepreg (6p1y.l 
sandwich structure 
12000 118 00 
7200 8300 
3500 4500 
1100 1500 
800 1100 
700 800 
700 600 
Apparent bending stress 
O M 31 =z= 2bpW (1:50mm) 
Maximum stress of tension side 
a = l.S:aYm-W 4J;E.Jm (1:50mm) (2 , 
sandwich structure 
1 2100 
7000 
3300 
1100 
800 
700 
700 
Where. t:. ~] 1.:1 tl 
.'f ~ln=2b9~12I+ tff 2 n + bEmfua' 
Experimental bending elastic modulus 
E fa 
= 6t£> 1I :50mm) {3} 
Calculated bending elastic modulus 
E= 12t;E.J.n 
bP 
Ym:Distance from neutral axis 
(4' 
~ Young's modulus of individual component 
J...: Second moment of area of individual 
component 
6 : Deflection 
1 : Span length 
b: Width of specimen 
t : Thickness 
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shows the results of tensile test conducted with C.F. prepreg and 
sandwich structure (Fig.8) concerning relation between tensile strength 
and orientation angle. Orientation angle has great influence over 
strength, while the sandwich structure has no effect against tension. 
Relation between orientation angle and tensile strength is shown in 
Tables 2 and 3. Fig.9 is the results of experiment in which relation 
between orientation angle and Young's modulus was looked for, and 
Table 4 is the summary of such results. 
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Fig.8 Specimen for tension 
test. 
i 
NE L~ -/::.,.- C.F prepreg ( 6 ply 1 
~ ~ -0- Experimental value of sandwich struc ture ~ . 
: -e- Calculated value of sandwich structure 
3
10 
- '-+-,'" I -~ '~~\ i I 
.! 51~~~1 , +-+--~ 1~~~1~1 I 
I I ~~c;>-==-~-=:~ 
°0 15 30 45 60 75 90 
Angle of carbon fiber (0) 
Fig.9 Relation between Young's modulus 
and angle of fiber. 
Table 2 Tensile strength of C.F. 
prepreg (2 ply x 2)-
P.M.M.A. sandwich const-
ruction. 
Table 3 Tensile strength of C.F. 
prepreg (6 ply). 
Angle of fi ber (0 ) Tensile strength (kgImm2) Angle of fiber(°) Tensile strength (kglmm2 ) 
0 41.4 0 135.3 
1 5 13.6 1 5 62.7 
30 12.5 30 27.5 
45 6.5 45 9.7 
60 3.2 60 6.2 
75 2.6 75 4.0 
90 2.3 90 0.7 
Table 4 Experimental and calculated Young's modulus 
of C.F. prepreg (6 ply) and C.F. prepreg 
(2 ply x 2)-P.M.M.A. sandwich construction. 
Angle of fi ber Young's modulus (kq/mmZ) jcF prepreg(6ply) Experimental value of (0 ) Calculated value of 
" sandwich structure ,. sandwich structure 
0 13000 7200 7400 
1 5 8000 5800 4500 
30 3200 2200 . 1900 
45 1500 1400 1000 
60 15 00 1000 1000 
75 100 a 1000 700 
90 700 1000 600 
II By the strOll": gog(' 
where, for calculated Young's modulus 
O=£E 0=11-A 
6=EI=~I=~ E EA 
EA: Tensile rigidity 
EA=E.A+E2Az+· =t;.EA 
A = f1+~+'" =~ ~ 
EA tEA E::A::~ (5) 
8_- b CF ~ PMMA. Sl CF -:;: E, : Young's modulus of C.F prepreg ! 2 ply) 
~ Young's modulus of 
PM.MA 
E A =( E,t, + 6-nt.tE,b ) b :: (25 ~ +E.,Wb 
E::£A. :: (2~t.+Er,t)b :: 25~+E.,t", 
A (2t,+t.nJ b 2t,+t", (61 
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4. CONCLUSION 
The following summary can be made from the results of the present 
experiments. As a result of this series of tests and experiments, it 
was found that; 
1) Regarding bending: Calculated value of bending elastic modulus of 
C.F. prepreg 6 ply, C.F./P.M.M.A./C.F. sandwich and sandwich are simi-
lar each other. Material effect of sandwich structure is better than 
that of C.F. structure. Bending elastic modulus is greatly influenced 
by orientation angle. 
2) Regarding tension: Sandwich structure is inferior to C.F. struc-
ture with regard to tensile strength and Young's modulus. Sandwich 
structure is nbt effective against tension. Experimental value and 
calculated value of sandwich structure were similar. Both of strength 
and elastic modulus are greatly influenced by orientation angle. 
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